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Abstract 
The project goal was to create a device that loads 5-gallon water bottles into water cooler 
dispensers, eliminating the need to manually lift the bottle. Our device incorporates a four-bar 
mechanism to lift a bottle from a low platform to a level above the dispenser. In a final step, the 
operator manually tips the bottle from its supported position, inverting the bottle to rest in the 
dispenser and allowing the seal on the bottle to be punctured. 
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Introduction 
The water dispenser is an invention that has resulted in easy access to clean, centralized 
water in public areas like the workplace.  Most dispensers employ bottles of a substantial size (at 
least 5 gallons) to service larger populations.  As a result, the task of replacing a bottle 
(approximately 50 lbs. when full) can be taxing.  One has to lift the bottle from the ground, turn 
it upside-down, and line up the neck of the bottle with the opening of the dispenser to puncture 
the cap.  For most, this task is fairly difficult for any number of reasons; from the cumbersome 
shape and design to the weight of the bottle.  Though this isn’t a task everyone faces in their 
daily lives, it is a chore that must be completed by many.   
The average working adult doesn’t spend hours lifting weights and fine-tuning their 
muscles.  They most likely work in an office doing non-physically demanding work.  In some 
cases, there are people that are not fully able who still need a means to replace the water bottles.  
In the US alone, there are approximately 51.7 million people who have a disability which does 
not allow them to load a 5-gallon water bottle into a dispenser.  This equates to 12.6% of the US 
population in the workplace.  The task of changing the water bottle is often assigned randomly in 
the office, if not done by the employees of the bottling company, making the potential candidates 
anywhere between the ages of 21 and 65 [6].  It is likely that, within this office population, at 
least one individual is not fully able or has had surgery of some form that restricts them from 
being able to change the bottle.  These individuals are the ones that would benefit from the 
creation of a water bottle loader that takes on the heavy lifting.   
To guide us through the process of creating such a mechanism, we used the engineering 
design process.  This process allowed us to go through the problem step by step in order to find a 
viable and practical solution.  This process is as follows: 
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1. Identification of need 
2. Background research 
3. Goal statement 
4. Performance specifications 
5. Ideation and invention 
6. Analysis 
7. Selection 
8. Detailed design 
9. Prototyping and testing 
10. Production 
[9 pg. 8]   
The problem that we were given was open ended and we used this process to guide our 
efforts.  These steps allowed us to look at a complicated problem, define it, and narrow it down 
to a specific solution.   
 In order to find a successful solution, our goal is to create a system of loading a full 5-
gallon water bottle into a commercial office water cooler in a more accessible way than the 
previously described mode of lifting and flipping.  This device must also fulfill all functional 
requirements of loading the water cooler and the safety requirements that are listed in the 
background chapter.   
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Background 
Since water coolers are in a workplace and many different people use them each day, 
there are some requirements made by the Occupational Safety and Health Administration 
(OSHA) to keep the workplace safe.  In sections 1910.141, 1915.88, 1917.127, and 1926.51 
OSHA describes requirements about potable water and sanitation for dispensing machines in the 
workplace.  They state that the machine and surrounding area must be sanitary and employer 
provided based on the health requirements and number of workers in the office or area.  The rest 
of the requirements were geared toward sanitation to prevent the accidental spread of diseases 
[10, 11, 12, 13].   
Our project is designed to help individuals who do not have the capacity to load a bottle 
into a dispenser.  People with neck, back, arm, or leg injuries may not be able to lift the bottles 
since those are the areas of the body where a lot of the stress and strain is placed during the 
lifting process [1].  According to the US Census Bureau, in 2016, the percentage of the 
population with a disability was 12.6% which is 51.7 million people who cannot load a 5-gallon 
water bottle into the dispenser [6].   
        The average lifting capacity of an able-bodied person had to be determined in order to 
estimate how much of the general population should be able to lift a full bottle.  We found that a 
50-pound bottle was well within the range of the average American adult, despite not spending 
significant time in the gym, by analyzing the motion used to lift a water bottle and isolating the 
muscle groups to find the weight ranges for each exercise.  The data used was collected from 
203,000 data points and compiled into categories broken up by percentiles [4,7].  For our 
purposes, the lowest percentile gave the most accurate representation.  The data collected from 
the Strength Level website is as follows: 
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Average Male by BMI (Body Mass Index): 
Squat: ~73%-95%...of body mass 
Bicep Curl: ~8%-12%...of body mass 
Bent-Over Row: ~45%-59%...of body mass 
Benching: ~53%-73%...of body mass 
Deadlift: ~95%-111%...of body mass 
[7] 
Average Female by BMI: 
Squat: ~42%-45%...of body mass 
Bicep Curl: ~5%-6%...of body mass 
Bent-Over Row: ~19%-24%...of body mass 
Benching: ~23%-30%...of body mass 
Deadlift: ~58%...of body mass 
[4] 
These lifts were chosen as they are most of the muscles one would use to lift the bottle 
into the cooler.  However, there is a naturally occurring disease called Sarcopenia that affects the 
lifting capabilities.  Sarcopenia is a disease that naturally deteriorates your muscles over time as 
you age.  If the average person is inactive after age 30, they will lose 3%-5% of their muscle 
mass per year, and it will become faster at age 75 but can start as early as 65 or as late as 80 [5].  
In the US, the population over the age of 18 that can meet aerobic and muscle-strengthening 
activities is 21.7% which means the number of people capable of lifting a water bottle is even 
smaller [8].  This means that most of the people in the US are considered an average person and 
can lift the above stated weight amounts.   
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Functional Requirements 
To frame our solution to this problem, we created a number of functional requirements to 
guide our design and to make sure our product is viable and useful.  First, we had to define what 
water cooler and bottle we were building this system around.  We selected the Sunroc TPV1h-
004 because it can be commonly found around the WPI campus.  The bottle that is most 
commonly used is the Polar Arctic purified 5.28-gallon bottle.  This bottle weighs about 44 lbs. 
so we made the requirement that our system must lift that weight with a safety factor of 1.5 
meaning it will have to be stable lifting 63lbs [3].  Another obvious requirement but one that is 
necessary for the completion of this project is that the mechanism cannot tip over while in use.  
These requirements are necessary for the operation of the machine.   
 The following requirements are important for the success of the design but focus more on 
practicality.  We wanted this mechanism to be operational without electrical power from a wall 
outlet.  This way, it doesn’t take up wall outlet space and it can be used in the event of a power 
outage.  We also think that a product like this is likely to be shipped in a box so we created 
dimensions for that box which the disassembled mechanism could fit in.  We also wanted it to be 
easily put together, so we created a requirement for this.  Another convenience requirement is 
that it has to fit through a door (80in x 36in) so that the user doesn’t have to carry the bottle too 
far.  Additionally, we have defined that the mechanism must be fully operated with 20 or fewer 
pounds of force.   
● Must be able to lift up to 63 lbs. (safety factor of 1.5 [3]).  Bottle is about 44lbs.   
● Must not tip over while in use.   
● Must be able to operate without electrical power - foot pump, crank, drill.   
● Must fit through a standard doorway (80in x 36in) while fully assembled.   
● Must not spill while loading the bottle into the cooler.   
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● Must puncture the seal to release the floating plastic piece from the cap to allow water to 
flow.   
● Must be assembled from a box of 6in x 3ft x 2ft to fully functional in 20 minutes using a 
screwdriver and adjustable wrench.   
● Mechanism must fit a 12in x 8.5in x 15in 5-gallon water bottle.   
● Must be fully operated with no more than 20 lbs. of force for the user from the loading 
dock to fully loaded.   
● Water cooler must be a Sunroc TPV1h-004.   
● Water bottle must be a Polar Arctic Purified Water 5.28-gallon bottle.   
Predesign Exploratory Testing 
 In order to understand the process of loading a water cooler, we did it ourselves.  The 
following pictures are shots from a video of one of the group members loading a bottle into the 
water cooler.   
Step one, first you must remove the empty water bottle and place it down next to the 
water cooler.  This is shown in Fig. 1 below.   
 
Figure 1: Loading Bottle Step 1 
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Step two, one must locate the new water bottle and carry it to the cooler.  This can be 
difficult because of the size and weight of the bottle and the fact that the bottles are not always 
stored near the cooler.  This is shown in Fig. 2 below.   
 
Figure 2: Loading Bottle Step 2 
Step three, one must remove the protective seal and the cover in order to allow the bottle 
to be punctured when it is placed on top.  This is shown in Fig. 3 below.   
 
 
Figure 3: Loading Bottle Step 3 
Step four, after removing the cover one must lift the full bottle to the top of the cooler.  
This is probably the most difficult part and the part that required the most strength.  This is 
because, the bottle is heavy and large with no handle or easy way to grip it.  In addition, it must 
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be lifted about 3 feet in the air and rotated 180 degrees so that it is upside down when it is on top 
of the cooler.  This is shown in Fig. 4 below.   
 
Figure 4: Loading Bottle Step 4 
Step five, one must locate the center and place the bottle down precisely so that the top is 
punctured and water can flow.  This is shown in Fig. 5 below.   
 
  
Figure 5: Loading Bottle Step 5 
Finally, one must make sure the bottle is on straight and make sure that water is flowing.  
This is shown in Fig. 6 below.   
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Figure 6: Loading Bottle Step 6 
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Design Decisions 
 There were a few decisions that we made beyond our functional requirements to further 
narrow the problem for the purposes of this project.  We decided the water cooler we were going 
to build our loader for.  This was the Sunroc TPV1h-004 because this is the cooler that is most 
commonly found around the WPI campus.  Additionally, we decided which bottle to use which 
was the polar arctic purified 5.28 gallon which is also the most common bottle at WPI.   
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Preliminary Ideas 
Four Bar: 
This design idea is based on a simple four bar mechanism.  We determined the geometry 
by using a two-position synthesis.  The mechanism lifts the water bottle from an upright position 
on the floor to an upside-down position over the cooler.  The platform is a rigid sheet with four 
caster wheels on the bottom.  Two are stationary wheels and two are swivel wheels for stability 
and ease of maneuverability.  To lock the wheels in place to prevent the platform from moving 
during the loading process, the swivel wheels have locks to stop them from rolling during 
loading.   
 This design will be operated using an air compressor that is connected to a manifold that 
splits the air to add air to each piston to pressurize them.  These hoses have adapters to allow all 
of the parts to connect to each other since not all the thread sizes are the same.  There are 
adapters from the pistons to the hoses that reduce the thread size since they are the same National 
Pipe Thread (NPT) but not the same size.  There is also an adapter at the manifold that changes 
the thread so that it fits into the compressor thread.  This is an NPT thread at the manifold to a 
Schrader thread.   
Winch Lift Design: 
The winch lift design uses the properties of pulleys and winches.  The basic concept is a 
rectangular casing that houses a series of pulleys feeding a belt or rope from the lift to the driving 
force, a gear turned by a lever arm.  The direction of the winch system is dictated by a catch that 
only allows one-way motion while engaged.  The portion of the machine that will hold the water 
bottle is a trough mounted on a bar that will allow rotation approximately 15 degrees forward 
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and 95 degrees backward.  This design depends on straps tightened by winch to pull the bottle 
onto the platform securely.  There is a lock pin that fits into the crossbar underneath the trough 
that allows for rotation in the desired direction.  The pin operates by hindering rotation while the 
trough is being raised.  When the pin is removed, the trough is allowed to fall.  The force of the 
bottle rotating should be enough to overcome static friction and allow the bottle to slide into the 
dispenser.   
For safety purposes there is a friction brake connected to the driving gear that will allow 
for added security and control if the crank catch fails the support the gear.  The entire device is 
mounted on wheels and has deployable struts for added support.  The center of gravity does not 
change drastically since the lift is entirely vertical.   
Start Position 
 
Figure 7: Winch Lift Start Position 
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End Position 
 
Figure 8: Winch Lift End Position 
Front View 
 
Figure 9: Winch Lift Front View 
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Scissor Lift Design: 
            The design that can be seen below is called the “Scissor lift”.  This design features 2 
lifting mechanisms, a scissor lift and a hydraulic lift.   
The scissor lift will raise a platform from ground height up to the required height to put 
the bottle into the cooler.  The scissor lift will be raised through the use of a pump that applies a 
force horizontally at the base of the scissor lift.  This will force the arms of the lift to compress 
and raise the platform.  The base of the lift will be on a track that keeps them aligned and to 
prevent jamming.   
On top of the scissor lift, there will be another platform that holds the bottle and has a pin 
in the platform with hinges.  There will be a second pump that applies pressure to another 
platform that will lift the one side of the platform, the larger side of where the pin is, to cause the 
bottle to tilt in the direction of the water cooler.  Once the bottle has reached the angle needed to 
get it in the water cooler, the user will release the strap which in turn releases the bottle and it 
will slide down off the platform into the water cooler.  Once the motion is complete, there will be 
2 release valves to release the pressure from the scissor lift and the platform lift allowing the 
entire thing to collapse back to the ground.   
 
  
 
 
 
 
 
 Figure 10: Scissor Lift Design 
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Strap Designs: 
Along with the machine designs we also have some different options for the actual strap 
that holds the bottle in place.  First, we have the “Clip Buckle” design which has a male and 
female end to it.  The male side has wing-like features that fit into holes on the side of the female 
end and will click into place.  To release, one just needs to squeeze both sides of the clasp to 
push the wings in allow the two sides to separate and release the water bottle.   
 
  
 
 
 
 
 
 
Our second option is the “Cam Strap 1” design where the buckle has teeth on it that open 
and close by pressing your thumb on the opposite side of the “teeth” end.  This will raise the 
“teeth” from the strap and allow it to be loosened or tightened.  To tighten, lift the “teeth” and 
pull the strap until it is tight and then release your thumb.  This also provides a safety feature that 
if the bottle starts to fall too quickly or you lose control, release your thumb from the clamp, the 
“teeth” will drop back down onto the strap and stop the movement.  Once the “teeth” are raised 
and the strap can slide, the bottle will then be released from the machine into the water cooler.   
 
Figure 11: Clip Buckle Design 
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The third option we explored was the “Cam Strap 2” design where one end acts as a clasp 
where the strap slides into a locking mechanism on one side of the bottle.  On the other end of 
the strap is a tongue-like device where the strap is fed through with the “teeth” of the tongue 
lifted so as to allow the strap to move.  Once the strap is at the desired length, release the tongue 
and the teeth will grip the strap.  Then, when the pressure is applied to the strap from the weight 
of the bottle, the teeth dig into the strap hindering movement.  This design also has the same 
safety feature as the other Cam Strap where if you lose control, release your hand and the “teeth” 
will collapse back onto the strap and stop the bottle from moving any more.   
 
Figure 12: Cam Strap 1 Design 
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Figure 13: Cam Strap 2 Design 
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Decision Matrix 
The following matrix, Table 1: Decision Matrix, shows the functional requirements with 
assigned values.  The breakdown of the categories is weighted based on importance to the 
project.  We assigned ease of use and feasibility the highest importance since this product will 
theoretically be mass produced and marketed for anyone, regardless of their engineering 
background.  Ease of assembly and size have the lowest importance since the size is fixed to the 
height of the cooler and the assembly is only done once.  The categories of the matrix are 
weighted from 5 to 1 with 5 being the most important and 1 the least important.  To determine 
which device to use, we judged each device on the given categories and multiplied the category 
score by its weight.  The design with the highest score would be the one that we would choose.   
 
Table 1: Decision Matrix 
Category Weight Four-Bar Design Pulley Design Scissor Design 
Ease of Use 5 20 10 20 
Feasibility 4 12 16 20 
Cost 3 15 15 6 
Size 2 4 6 2 
Ease of Assembly 1 2 1 3 
Total Score - 53 48 51 
 
Feasibility: 
For this decision process, we decided to compare the feasibility of the different 
preliminary designs.  For our purposes, feasibility meant how likely we thought it was for us to 
produce a quality product using the given design.  Different factors that affected this ranking 
 24 
were how developed the idea was by our deadline set in our gantt chart, the complexity of the 
design, and the complexity and cost of the parts involved.  See Appendix C for the gantt chart.   
We gave this a weight of 4 out of 5 meaning that feasibility is a very important factor.  
Given the compressed timeline and budget of the project, we knew that we needed to pick a 
design that we felt confident could be executed well.    
Cost: 
 We decided to include cost in our design process simply because we were working on a 
budget.  We made every effort to make our product within or close to this budget.  The factors 
that we thought about when evaluating cost were as follows:  We thought about the prices of the 
individual parts and whether they could be purchased or machined.  Initially these were rough 
estimates, but as we progressed through the project we acquired real numbers.   Some of these 
numbers were too high for our budget so we had to come up with more economic ways to 
produce the same results.   
 We gave cost a moderately important weight of 3 out of 5.  This is because we need to 
make sure we have the resources to purchase all of the materials and components.  However, 
there is some flexibility in our budget.   
Ease of Use: 
 As the device is designed to make it possible for anyone to load a bottle, the device 
needed to be very simple to use and should not cause any extra stress or strain on the user.  This 
is why we were looking at portable air compressors so that all the user has to do is attach the 
compressor and squeeze a trigger.  Ease of use was also a limiting factor when choosing which 
straps and buckles to use.   
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We gave the ease of use a 5 out of 5 in terms of weight, making it the most important 
category of this project since the main goal of this project is to make it easy for someone to load 
a water cooler.   
Ease of Assembly: 
 Ease of assembly may be one of the most important components of the device in the eyes 
of our customer after cost and ease of use.  Feasibility and size were more important to us 
because they both would directly impact our ability to build and test our mechanism.  In our 
original requirements we decided that the device should be able to be assemble from the box to 
fully functional in 20-30 minutes with a screwdriver and an adjustable wrench.  Although easy 
assembly may be a draw for the customer, for the purposes of designing a functional device it is 
of lesser importance.  For that reason, it has a weight of 1 in our matrix.   
Size: 
 Similar to Ease of Assembly, size is a component more important to the customer than it 
is to the team designing the device.  If our device is too large to fit through a door or too heavy 
for someone who is not fully able to use, it does not matter how well it works.  We decided that 
size is a factor that is more important to the customer than Ease of Assembly because it directly 
impacts the ability to build and test our design.  Therefore, we gave it a value of 2.   
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Analysis 
Once we decided which preliminary design we were going to bring to fruition, we needed 
a method to make sure that the mechanism could lift the bottle and refine the design to be as 
efficient as possible.  We decided to run a static analysis.  This analysis works based on the 
assumption the mechanism moves in a slow enough manner for the inertia and acceleration of 
components to be negligible.  The first thing we did was make free body diagrams of each link 
and then set up force balance equation.  Because of the static nature of our theoretical system, we 
were able to set the net force on each link to zero.   Figure 14 is a diagram of the system showing 
each link and joint labeled and figures 15 through 19 are the free body diagrams of each link.   
 
 
Figure 14: System Diagram 
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Figure 15: Link 6 
 
Figure 16: Link 5 
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Figure 17: Link 2 
 
Figure 18: Link 3 
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Figure 19: Link 4 
 
Once we had the equations for each link (which can be found in Appendix C), we split 
the analysis into three steps.  The first step was to analyze the first loop: Link 5, 6, and ground.  
We used the weight of the bottle as a known input force and found the forces on pin D.  The 
second step was to use the force on pin D as an input to the rest of mechanism and solve the 
second loop: Link 2, 3, 4, and ground.   This would allow us to find the force on the piston which 
would be required to lift the bottle.  Once we had component forces, we continued to step three 
which was simply using Pythagorean Theorem to find the total compressive force on the piston.  
We iterated this process with different mechanism geometries and positions in order to get a 
system with the most mechanical advantage we could find.   
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Table 2: Force Required Throughout Four Bar Motion 
Angle of Link 2 (Degrees) Force Required (N) 
1.26 841.395 
10 713.286 
20 627.54 
30 572.12 
40 531.509 
50 496.845 
60 465.379 
70 434.981 
80 405.291 
90 375.402 
94.2 362.207 
 
Finally, once we found a max force of 841.395 N, we had to make sure that this was 
within the factor of safety of 1.5 as specified in the functional requirements.  We calculated a 
maximum output force of our piston and pump system to be about 1361.16 N which is more than 
1.5 times the maximum force required by the four bar.  This meant that the piston and pump 
would be adequate for our design.  In figure 20 is the force curve showing the force required at 
different positions as well and the force available from the piston and pump.   
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Figure 20: Force Curve Graph 
As can be seen in figure 20, the maximum force is right at the beginning of the lifting 
motion.  This was similar in many of the final iterations.  On some earlier iterations, the 
placement of the piston was different which lead to the maximum forces being at the end of the 
motion.   We judged that the final iterations were preferred because of more ideal transmission 
angles as well as having the maximum force being at the beginning.  The reason we wanted 
maximum force at the beginning was because the pistons would be fully compressed which leads 
to less volume of air required to get them up to pressure than if they were fully extended.  
Additionally, the risk was lower because any failure in the hose system would be less risky with 
the bottle on the carrier.   
The full analysis program was created in Mathcad and can be found in Appendix C. 
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Testing 
After constructing the device to the specifications, we tested it multiple times in different 
scenarios to determine how the operating mechanism works and if it will generate enough power.  
Initially, we tested the mechanism without a bottle to better examine its motion and catch any 
serious error with the smallest collateral damage possible.   
After testing the mechanism multiple times and finding that it works properly, we added 
an empty water bottle to see if the bottle shape would hinder the motion.  When we tested it, we 
put the device against a wall to simulate the cooler to make sure it would get to the height needed 
without issue.  See the figures below for different positions in the loading process.   
 
Figure 21: Empty Water Bottle Beginning 
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Figure 22: Empty Water Bottle Middle 
 
Figure 23: Empty Water Bottle End 
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Once we noticed that the mechanism still worked as it should, we added a full water 
bottle and re-aligned it against the wall again.  This tested our build quality and overall 
mechanism quality.  As the pistons became pressurized, the structure became stressed and the 
bottle moved along the path it was designed to, reaching the max height it needed to load a 
cooler.  This worked as it should and stopped at the top with no issues in regards to structural 
integrity, safety, or failing parts.  See the figures below for screenshots of the loading process.   
 
Figure 24: Full Water Bottle Beginning 
 
Figure 25: Full Water Bottle Middle 
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Figure 26: Full Water Bottle End 
Next, as we waited to find an empty cooler around campus to fully test our device, we 
tested it on a table that was similar to the height of the water cooler.  This test included 
pressurizing the pistons to raise the bottle, the final process of tipping the bottle vertically so it 
would be in-line with the cooler, and releasing the straps to drop the bottle.  This took 20 seconds 
from start to finish and led to the final step of testing which would be loading an actual cooler.  
See the figures below for this testing process.   
 
Figure 27: Full Water Bottle in MQP Lab Beginning 
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Figure 28: Full Water Bottle in MQP Lab Middle 
 
Figure 29: Full Water Bottle in MQP Lab End 
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Figure 30: Full Water Bottle in MQP Lab Bottle Vertical 
 
Figure 31: Full Water Bottle in MQP Lab Bottle Release 
 Before fully testing the device on a cooler with a full bottle, we measured the distance 
from the edge of the cooler to the opening for the bottle and the distance from the edge of our 
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device to the neck of the bottle.  We noticed this was off by a few inches.  As a result, we altered 
our design slightly and added some pieces of wood to act as a spacer to fill the gap between the 
neck and the opening.  Once we got the neck and the cooler to be lined up, we then tested the 
device again with a full bottle.  We did this to make sure the added weight and changed 
geometry did not affect the mechanism’s motion.  This worked as expected but took a little 
longer from start to finish, 30 seconds instead of 20 seconds.  See the figures below for this 
testing process.   
 
Figure 32: Full Water Bottle with Wood Spacer Beginning 
 
Figure 33: Full Water Bottle with Wood Spacer Middle 
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Figure 34: Full Water Bottle with Wood Spacer End 
 Finally, we got the chance to load a full bottle into a cooler in Fuller Labs that used the 
exact bottle and cooler specified in our functional requirements.  When testing the fully loaded 
device, it took 30 seconds from the start of pressurizing the pistons to the bottle being loaded into 
the cooler.  See the figures below for the different stages in this loading process.   
 
Figure 35: Full Test with Water Cooler Beginning 
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Figure 36: Full Test with Water Cooler Middle 
 
Figure 37: Full Test with Water Cooler End 
 
Figure 38: Full Test with Water Cooler Bottle Vertical 
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Figure 39: Full Test with Water Cooler Bottle Loaded 
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Results 
 After machining, assembling, testing, and finally loading a cooler, we looked at our 
functional requirements to see how our device did in comparison to the requirements we set back 
in the beginning of this project.  We met all of the major requirements such as lifting capacity, no 
electrical power, fitting specifications of the bottle and cooler, no spillage, puncturing the seal on 
the bottle to allow water to flow, and being able to operate the device with less than 20 lbs. of 
force by the user.  These were requirements we put high priority on since they are the ones that 
would allow the device to work with a cooler and bottle.  The next set of requirements were not 
top priority but still high up and we met those as well.  These included, the device not tipping 
over during use, fitting through a standard doorway, and fitting a certain dimension of bottle.  
With this being said, we met all of our major functional requirements except for one.   
We did not meet the size requirement which stated that our device should be assembled from 
a box the size of 6 in x 3ft x 2ft in less than 20 minutes using a screw driver and adjustable 
wrench.  Our device is bigger than the box size that is stated since the box would be roughly 10in 
x 3.5ft x 4.5ft.  Although our device is bigger than expected, it can still be assembled in 20 
minutes or less seeing as though we only have four pieces to our device.  Another departure from 
this requirement is that the user would need a hex key or a screw driver with a hex bit.  This is a 
device that can be used for the purpose designed and can aide anyone in loading a 5-gallon water 
bottle into a cooler.  With some minor adjustments, this device can work with any water bottle 
and any water cooler.   
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Recommendations 
When time is the limiting factor of a design project, it is inevitable that when the time 
runs out there will be more ideas for how to improve upon the design than there is time to 
implement said improvements.   This project is no exception.   This section is dedicated to 
explaining all the ways the device could have been improved if the team were to begin the 
project with the knowledge we currently have.   
 The compressor that we bought fulfilled our purpose because it was cheap, easy to use, 
battery powered, and powerful enough to operate the mechanism.  However, there were a few 
drawbacks that would have to be fixed in order to put the machine into production.  First the 
pump is a bit loud and would be disruptive in an office environment.  We recommend that 
custom, integrated pump with more sound insulation be installed to minimize this issue.  The 
second drawback is the lack of control over the airflow.  The pump we used has an on/off switch 
which was satisfactory for our prototyping purposes; however, a pump with more progressive 
control would have made the operation of the mechanism smoother and would give the user 
more control.  These pump problems would be solved if the budget allowed for these 
customizations, which leads to the next recommendation.   
Ideally, the budget of any project is high enough that the engineers are free to come up 
with the most efficient designs--both physically and monetarily.  Unfortunately for us, we had to 
make some choices between staying under budget and taking the more efficient route.  We chose 
the cheaper options where we could in areas like the brackets for most of the framing or having 
an employee of the machine shops manufacture our pieces rather than spending our time getting 
certified and then machining our parts ourselves.  A higher budget would have allowed us to get 
parts, build, and test our design sooner.  Also, it would have given us more freedom to explore in 
 44 
terms of the methods we could have used when choosing the power source and base component.  
The budget limitations not only affected the parts we ordered, but also the manufacturing of 
custom parts.   
Most engineering firms have an in-house machine shop which allow for custom parts.  
Although WPI has this, we did not have the necessary experience or certifications to make its use 
efficient.  Having custom parts would have simplified and quickened the build process and 
cleaned up the design.  For example, we had four adapters between the pump and the piston to 
adjust for different threads and being able to customize components would have eliminated this.  
However, in some cases, what we needed already existed but didn’t fit in the budget, so we had 
to get it made.  Since we don’t have unlimited access to a machine shop or a machining specific 
background, this took more time out of our schedule than we had hoped.  This demonstrates the 
tradeoff between cost and time, both of which were strictly limited.  Along with parts problems 
described, we also encountered design inconveniences with some of the parts used.   
Currently we use the air pump hose connection valve to release air from the pistons so 
that the machine comes back to its starting position.  We recommend that in future designs, the 
device have some sort of progressive release valve on it that would do the releasing for the user 
at a measured and controlled pace.  Instead of a valve on the hose, there could be a valve on the 
compressor that would slowly release air so that the user could see exactly where they were in 
terms of PSI since on the back of the compressor, there is a gauge that tells the user that number.  
Another recommendation came after the device was built and started to get tested.   
 We noticed after building the device that it took up a large amount of space when stored 
due to the size of the platform and the overall device.  We recommend doing research into a way 
of collapsing the mechanism part of the device to allow for it to reduce the height.  We received 
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a recommendation from a WPI Professor about adding possible hinges in the middle of the 
device and platform to allow it to fold up and take up half the space it did before.  This would 
allow for it to be easily transported after being used and easily stored when not in use.  There is 
another key recommendation with some of the parts used in the device that became apparent 
during testing.   
Once the device got completely setup and tested, we noticed that after multiple times, 
some of the nuts and bolts that we could not tighten with a screw gun would become slightly 
loose due to only being hand tightened with a hex key.  We recommend that for future devices, 
use a different type of bolt and nut combination to allow to be tightened with screw gun or 
screwdrivers to allow for a tighter connection.  Another solution to this problem would be to 
rework the base of the design so that it is wider to allow a screw gun to fit in all of the corners to 
tighten the bolts.  Lastly, there is one other recommendation for the device in terms of ease of 
use that was discovered after building the device.   
When getting ready to test the device, we had to move it throughout the building to get it 
to the testing locations.  When doing so, we noticed that there was not really anything that could 
be grabbed to move and direct the device.  Our recommendation for the future would be to add 
something like a broomstick or long handle that can be used to move and direct the device 
without having to bend down.  This would make the device much easier to transport.   
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Conclusion 
 This project was designed to help people load a 5-gallon water bottle into a water cooler 
with minimal force from the user.  This would especially help those with disabilities that did not 
have the ability to lift the heavy 5-gallon water bottle to load it without the machine.  However, 
this device can be used by anyone that would be in an environment where a water cooler would 
need to be loaded.  We came up with 3 different preliminary designs for the actual device and 3 
designs for the buckles used to hold the bottle in place.  At this point, we used a design matrix to 
determine which designs to pursue.   
 The design we pursued used a four-bar mechanism and 2 pistons to lift the bottle of a 
platform to be above the water cooler.  This was operated using a hand-held air compressor to 
split the air into each piston which would generate pressure to extend and lift the bottle.  When 
the bottle got to end of the piston movement, the user would tilt a platform up to be vertical over 
the cooler.  This required less than the 20lbs. of force from the user we determined in our 
functional requirements.  Then the user would release the buckles and the bottle would drop into 
the cooler and be successfully.   
 Overall, our project performed exactly as it was supposed to and successfully made it 
possible for nearly anyone to load a water bottle into a water cooler.  This device has the 
possibility to be used around the nation to make this cumbersome task easier to complete.   
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Appendices 
Appendix A: User Manual 
Materials: 
1. Base Platform (x1) 
 
 
 
2. Bottle Holder (x1) 
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3. Box Frame (x1) 
 
 
 
4. Pistons (x2) 
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5. T Slotted Fastener package w/ included hex key (x1) 
 
 
 
 
 
6. ¼-20 fastener package (x1) 
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7. Ryobi Air Compressor 
 
  
 
Required Tools: 
1.    Hex key (9/64) 
2.    Adjustable wrenches 
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Exploded View: 
 
 
Shipping Orientation: 
 
 
 
Assembly: 
1.  Align the box frame with the pre-drilled holes in the base platform and attach using ¼-20 nut 
and bolt.   Use an adjustable wrench after making the nut finger tight to make sure the frame is 
secure.   
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2.  Using the t-slotted fasteners, attach the wide set arms to the pivot mounts on top of the box 
frame and the long arms to the pivot mounts on the front of the box frame.   
 
3.  Align the holes in the base hinge of the piston with the pre-cut holes on each side of the bottle 
holder.   Make sure that the hose inputs both feed away from the box frame before you secure 
them to the base board.   Once you are satisfied with the orientation, secure the hinges using the 
¼-20 nuts and bolts.   
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4.  Attach the rod eye and clevis bracket of the pistons to the ends of the crossbar using the pre-
attached T-slotted fasteners on the clevis brackets.   
 
 
 
5.  The structure of the device is assembled! For ease of access when loading, wait until the 
bottle is loaded before attaching the air compressor.   
 
 
  
 57 
Appendix B: Full MathCad 
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Appendix C: Gantt Chart 
 
 
